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Abstract : In the present paper we suggest a relation connecting the symmetry factor 
and order of kinetics (b) so that one can directly determine b once fig is known. We also extend 
the work of Gartia et al for a wider range of b values (0.4 £ b £ 4). As rough check of the 
theoretical methods we determine the trapping parameters namely activation energy, order of 
kinetics and frequency factor of thermoluminescence (TL) peaks of multi activated SrS 
phosphors reported by Kao et al. The present values of activation energy differ appreciably from 
those of Rao et al obtained by using some crude methods
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1- Introduction
Thermoluminescence is the light emitted from an insulator or a semiconductor as a result of 
heating after exposing it to some ionising radiation. TL is an indispensable tool for 
exhaustive study of the nature of thermal stability and concentrations of both electron and 
hole trapping centres in luminescent materials. It has found important applications in dating
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and dosimetry f 1 ]. The shape, position and intensity of a TL peak are related to various 
trapping parameters namely order of kinetics (fr), frequency factor (j ) and activation energy 
(£). The various methods for determination bf trapping parameters have been reviewed by 
Chen and Kirsh f 1 ], McKeever [2], Kirsh [3] and more recently by Gartia etal [4].
In a recent work Rao et al [51 have presented TL data of multi activated SrS 
phosphors. They evaluated activation energy of TL peaks recorded by them. But in spite of 
recent developments in the analysis of trapping parameters of TL peaks they use outdated 
and crude methods of Urbach [6] and Randall and Wilkins [7]. For example, it has been 
shown by Christodouhdcs [8] that Urbach method was meant as a very rough guide and as 
such it is of limited accuracy. It gives an activation energy value which may be wrong by 
upto a factor of two either way. They [5] also assume mono molecular kinetics (b = 1) and a 
frequency factors = l()y seer1 without any justification. It is well known [1,21 that a TL 
peak can be characterised by a parameter called the symmetry factory  defined by
- 7 \
where Tm is the peak temperature, T\, 7\ are the temperatures at which the intensity is ecjual 
to half of the maximum intensity on either side of Tm (T2 > Tj). It is well known [1^4] that 
fJK -0.42 lor b = 1 and -0.52 forb = 2. In Table 1, we calculate for TL peaks recorded
Tabic 1. Trapping parameters £, s and b of TL peaks of multi activated SrS phosphors reported by 
Rao et al [5] by using the present method Samples of series A contain Gd in fixed amount and 
concentrations of Cu and Mn are varying Similarly in senes B, concentration of Mn is fixed while those 
of Gd and Cu are varying. In series C, Cu concentration is fixed and those of Mn and Gd are varied
No
Sample
name
Tm
(°K)
H b
(eV)
*8
(eV)
E(£) » 
(eV)
s
(S'1)
16 SrS : Mn 367 0 467 1 48 0 500 0 548 0 524 l 22 x I06
22 SrS Cu 359 0.4(H) 0 95 0,375 0 426 0 396 2 61 x I04
24 SrS Cu, Mn 343 0 552 2.42 0.626 0.624 0 625 1 53 x 108
25 SrS. Gd • 345 0 333 0.51 0 410 0.411 0.411 7 64 x Id4
Al SrS : Gd, (Cu, Mn) 363 0 487 1 67 0.386 0 432 0409 2.87 x I04
A2 do 343 0.585 3 05 0 804 0.777 0.788 4.94 x 1010
A3 do 350 0 500 1.79 0.579 0 607 0,594 3 29 x 107
A4 do 357 0.510 1.90 0.701 0718 0710 1 15 x 109
A5 do 358 0.491 1 70 0.574 0 609 0 592 1.95 x I07
A do 360 0 480 1.60 0 622 0.660 0.641 9 23 x 107
A6 do 356 0.421 1 11 0421 0 474 0.445 1.54 x 10*
A7 do 375 0 433 1.20 0464 0 520 0 490 2.86 x 105
B2 SrS.: Mn, (Cu, Gd) .344 0.477 1.57 0.646 0 681 0 663 5.84 x I08
B5 do 360 0.420 1 10 0.500 0.552 0 523 1.88 x I06
C' SrS : Cu, (Mn, Gd) 360 0.480 1.60 0.622 0.660 0.641 9.23 xlO 7
C3 do 355 0.426 1 14 0531 0.582 0.554 7.03 x 106
C5 d o , 362 0.378 0.80 0.491 0.530 0.507 1.03 x 106
C7 do 373 0.435 1.22 0.445 0.501 0 471 1.66x10s
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by Rao et al [5]. It is seen from Table 1 that values range from 0.333 to 0.585. So it is 
not appropriate to make the mono molecular assumption as above by Rao et al |5]. In the 
present paper, we analyse the TL peaks recorded by Rao et al [5] by using the peak shape 
method of Gartia et al [9].
We also suggest a method for the estimation of the order of kinetics (b) from pg 
which is more objective than the conventional method of Chen [10] and extend the work of 
Gartia et al [9] for a wider range of b values namely (0.4 < b < 4).
2. Theory
The equation for the first order ( b -  1) and general order (b * 1) TL peaks can be written as
18,9,11,121
‘/ ' m -  eXP (“ m "  “ + f («. ))• 0> = 1) (2)
and = exp (um -u ){ l -  ( b *  1) (3)
wilh F(u, u„> = “me*P(«m){£ 2 -  E2 ( " ) /“}’ (4)
where / and lm are respectively the TL intensities at any temperature T and peak 
temperature Tm. E2(u) is the second exponential integral [131. The variable u is defined as 
u = E/kT, similarly um = E/kTm.
The eqs. (2) and (3) can be solved by an iterative technique [8,11,12] to determine 
the half intensity temperatures Ty and T2 for which l / lm = l/2. Knowing half intensity 
temperatures T{ and T2, symmetry fac to ry  can be calculated from cq. (1). It has been 
observed by Gartia et al [9,11] that pg is a function of um and b but the dependence of on 
b is much more stronger than that on um. This point has also been observed by Chen [ 10] 
who instead of considering the dependence of pK on um considered its dependence on the 
activation energy E and frequency factor s separately. Chen [10] has also presented a 
graphical method for the determination of the order of kinetics (b) from symmetry factor pg. 
Moreover, both Gartia et al [11] and Chen [TO] considered values of b between 0.7 and 2.5. 
But Kirsh [3] considered an order of kinetics range from 0.5 to 3.0. In the present paper, we 
consider the range of b values between 0.4 and 4.0. For most of the observed TL peaks um 
ranges from 20 to 40. As a result, we have calculated the average pR for 20 £ um < 40 for 
each value of b between 0.4 and 4.0. Finally, the average fig has been expressed as a 
quadratic function of b (0.4 £ b £ 4.0) using the technique of non linear regression [ 14] as
pg = 0.2453420 + 0.1858256 b -  0.0244183 b2. (5)
In Figure l, we exhibit the quadratic plot of against b. Knowing b can be determined 
from eq. (5). For a particular p g, eq. (5) being quadratic in b will give two values of b. One 
has to take the value of b which lies between 0.4 and 4.0. We feel that the present iqethod
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for the determination of the. order of kinetics b is more objective than the graphical method 
of Chen [101. We also see that for b = 1, -0.42 and for b = 2, ^  -0.52 as expected.
Figure 1. A plot of average /j^ as a function of b illustrating their quadratic 
relationship for 0.4 <, b < 4.0
Again following Gartia et al [9], it has been found that a good linear correlation 
exists between the following pairs of variables :
/ ( “ l - « „ ) )
(«m ’ «2 /<Hm -«2  ))
and «2 —“ 2)])
with w, = E /k T ] and u2 = E /k T 2 so that one can write
Um = EgU2 / (Um - U 2 ) + Dg , ^
Um = C* UIU2 / Um<Ul ~ U2> + D a,’ ®
where the coefficients Cy and D} (j = x, 8, co) occurring in eqs. (6^8) are dependent on the 
order of kinetics (b). The eqs. (6-8) can be recast in the following forms
E ,  = CTk T i / r + DTkTm, (9)
Eg = Cs k T l / S + Ds kTm, (10)
Ea = C J T l / m + D ^ k T " ,  (11)
where r  = 7 W1 -  T , , 8 -  T 1 -  Tm and a> = T, -  T , .
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By using the method of least square regression [14] each of the coefficients C, and 
D} can be expressed as a quadratic function of b
Cj = C0/ + C^jb + C2j b 2\ (12)
D i  =  D 0 i  + D i j b  + D2.b*. (13)
The coefficients Ckf and Dki (k = 0-2) are presented in Table 2.
Table 2. Coefficients Ckjand Dkj(k  = 0 -  2J  = r, 5. to) occurring in eqs (12-13)
C0j c >; C2j 00 / D u Dv
T 0 6967 0 3869 -0.0390 -0  7419 -1 1511 0.0758
5 0.1593 0 6454 -0.0336 0 2080 -0  4920 -0.0707
0) 0.8561 1 0312 -0.0725 -0.5221 -0.6187 -0.0250
The present coefficients are somewhat different from those of Gartia el al [9] 
because in the present work, a wider range of b values have been used. Now knowing b for 
a particular fJLK from eq. (5), one can evaluate En E$ and Em from eqs. (9-11). Once the 
activation energy and the order of kinetics are known, one can determine the frequency 
factor .v from the relations (1-4).
* = p[E /(kT 2m)] txp (u m), (b=  1) (14)
Tm
* =  P /{h {kT l  /E )e \p { -u m ) -( /> -!)  jexp[-£ /(* r)]rfr), {b*  1) (15)
To
where ft is the heating rate, T0 is the initial temperature. The integral J ^  ex p [-£ /(kT)]dT 
appearing in eq. (15) cannot be solved analytically and therefore has been developed as
Tm Tm T0J exp [~E/(kT)]dT = J exp [~E/(kT)]dT -  J exp {-E/{kT)\dT,
T0 0 0
= (E/k) |[exp  { - u ) /u 2 ]rfu -  |[ e x p ( - u ) /« 2
um u0
du
= (E /k ) {E 2(um) - E 2(«„)}, (16)
where un, = E/kTm and m0 = E/kT0. E2(u) have been calculated by following the technique 
outlined by Mazumdar et al [12] and Gartia et al [11].
3. Results and discussion
The suitability of the present peak shape method has been judged by applying it to a
number numerically computed TL peaks. It is seen from Table 3 that there is a good
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agreement between the input and the computed values of trapping parameters. In Table l , 
the trapping parameters of TL peaks of multi activated phosphors recorded by Rao et al [51 
have been evaluated. As expected the values of activation energies are very much different 
from those obtained by Rao et al [5]. The order of kinetics is not one as assumed by them 
and the frequency factor s calculated using the average of Er » Eg and Ea • is also widely 
different from the value 109 assumed by them.
Table 3. Trapping parameters of some computer generated TL peaks by using the present 
method.
Input values of Calculated values of
E
(eV)
s
(J"1)
h T
(°K)
V* b F-r
(eV)
Eg
(eV) (eV)
s
(S'1)
1.6 I013 07 555.6 0.364 0.70 1 600 1.600 1.600 1 04 x 10n
1.6 I013 1.0 555 3 0417 1 07 1 610 1 676 1.639 243 x !|0n
1 6 1013 1.5 554.9 0 476 1 56 1 603 1 635 1 619 1 50x\o13
\
1 6 I013 20 554.5 0.517 1.97 1 593 1 578 1.586 7.35 x Ity12
4. Conclusion
In the present paper, wc extend the peak shape method of Gartia et al [9J and suggest a 
formula for the direct computation of the order of kinetics from the observed value of the 
symmetry factor. By applying the present method to TL peaks of multi activated SrS 
phosphors reported by Rao et al [5J, it is found that the trapping parametcrs»computed by 
them using some crude methods are widely different from that calculated by using the 
present method.
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